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ABSTRACT 
An investigation was made of the potential of precipitation 
modification in moderate to severe droughts in Illinois to alleviate water 
shortages in such critical periods. The study involved time and space 
analyses of the natural precipitation distribution and consisted of two 
phases. The first involved analyses of monthly precipitation characteristics 
in major 12-month and 24-month droughts in the 50-year period, 1906-55, 
for which much of the basic information was available from earlier Water 
Survey studies. The second phase was concerned with a detailed study of 
storm characteristics in the 1953-54 drought, one of the worst on record 
in Illinois. In the monthly analyses, emphasis was placed upon the areal 
extent and duration of temporary disruptions of the 12-month and 24-month 
droughts by natural precipitation occurrences. In the 195 3-54 drought, 
analyses were made of the frequency and areal extent of natural rainstorms 
of varying intensity, the distribution of rainstorms by synoptic weather 
types, and the diurnal properties of rainfall in the drought-associated 
rainstorms. All of these factors are of importance in evaluating both the 
potential for successful weather modification and the planning of any cloud 
seeding operations during droughts. Results indicated that conditions 
ocasionally prevail in some moderate to severe droughts during which 
successful cloud seeding might provide temporary relieve over portions of 
an extensive drought region, especially with respect to providing agricultural 
relief. Potential for increasing municipal water supplies in the more 
severe drought conditions appear doubtful. 
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INTRODUCTION 
Results presented in Technical Report No. 1 (Huff, 1973) under 
Contract 14-06-D-7197 indicated that significant benefits to water supply 
in Illinois from weather modification would be restricted primarily to 
precipitation enhancement that could be accomplished in relatively severe 
droughts-. Therefore, a study of the natural precipitation distribution 
in time and space during outstanding droughts in Illinois was undertaken 
to acquire information on the potential for alleviation of water shortages 
through cloud seeding operations during such periods. The study consisted 
of two phases. The first involved analyses of monthly precipitation 
characteristics in major 12-month and 24—month droughts in Illinois during 
the 50-year period, 1906-55. In the second phase, a detailed study of 
storm rainfall characteristics in the 1953-54 drought was made. This 
drought was one of the worst 12-month droughts on record throughout south 
central and southern Illinois in the claypan soil regions where surface 
water is the primary source of municipal supplies (Huff, 1973). In most 
of south central Illinois, the 1953-54 drought was the most severe on record 
(Huff and Changnon, 1963). Much of the basic information for this study 
of potential weather modification in major droughts was available from the 
previous study of drought climatology in Illinois referenced above. Also, 
the 1953-54 drought has been well documented hydrologically through studies 
of the Water Survey's Hydrology Section (Hudson and Roberts, 1955). 
In the analyses of outstanding 12-month and 24-month droughts in the 
1906-55 period, analyses were concentrated on calculations of the percentage 
of the drought area experiencing near-normal to above-normal monthly 
precipitation for one to three consecutive months within each major drought. 
From these calculations, frequency distributions of areal coverage were 
determined. Conceivably, significant augmentation of runoff might be achieved 
by weather modification during such intra-drought periods when temporary 
suspension of extremely dry conditions occurs over portions of the drought 
area. 
In the 1953-54 drought, analyses were made of the frequency and areal 
extent of natural rainstorms of varying intensity within the drought period. 
The types of synoptic conditions associated with the most outstanding rains 
during the maximum 12-month drought period were determined for guidance in 
selecting storm systems to seed in such droughts. Also, the diurnal 
distribution of rainfall was calculated on a seasonal basis to provide 
information on the most favorable hours for seeding operations and the 
duration of such operations required to incorporate all or most of the 
rainfall periods during droughts. 
PRECIPITATION CHARACTERISTICS IN MODERATE 
TO SEVERE DROUGHTS 
Precipitation Characteristics in Most Severe Droughts 
Huff and Changnon (196 3) made a study of precipitation properties 
associated with droughts of various duration in Illinois in the 1906-55 
period. Their study showed that in the four severest 6-month droughts in 
the 50-year period that monthly precipitation was below normal 99% of the 
time at the 12 stations located nearest the center of each drought area. 
In only three months out of a possible 288 (12 stations x 6-month droughts x 
4 droughts = 288) did above normal precipitation occur. Monthly temperatures 
in Illinois during the peak periods of the four severest 6-month droughts 
were found to be above normal 72% of the time. The below-normal monthly 
temperatures with these droughts occurred most frequently in spring (42 
percent) and winter (38 percent) and least frequently in summer (9 percent) 
and fall (15 percent). Thus, the severe 6-month droughts had below-normal 
precipitation in nearly all months in the area of major severity and were 
also associated with above normal temperatures more than 70 percent of the 
time. 
The-frequency of months with above and below-normal precipitation was 
determined next for the peak period of the four severest 12-month droughts 
using data from. 12 stations located in the region of greatest drought severity. 
On an annual basis 94% of the station months had below-normal precipitation 
values. In all season except fall 98% of the monthly values were below normal, 
but in fall only 83% were below normal. 
Considering months when the peak periods of the 12-month droughts 
began and ended, most began in the June-September period and ended in the 
May-August period. The influence of the 6-month droughts, which occur 
primarily in the colder half-year, is responsible for this centering of 
12-month droughts around the winter season. Only two peak periods began 
in the winter months and only one in a fall month. 
On the basis of data from the four severest 24-month droughts, the 
frequency of months with above and below-normal precipitation amounts was 
again determined for the 12 stations with lowest departures in each drought. 
Of the 1152 total station months (24 x 12 x 4) investigated, 932 or 81% had 
below normal precipitation. On a seasonal basis, 90% of all summer months 
were below normal, as were 86% of the spring months, 75% of the fall months, 
and 73% of the winter months. 
Analysis of the months when the peak periods began and ended revealed 
that seven began in either August or September. The remaining two peak 
periods began in the spring months. Thus, all the peak periods of the 
24—month droughts incorporated two complete colder half-years and only 
one complete warmer half-year. For 6-month and longer periods, significant 
departures from normal precipitation occur most frequently in the cold 
season in Illinois, and these cold season departures strongly affect the 
time distribution of droughts of 12 months and longer. 
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The elapsed times between the ending month of the peak periods and 
the beginning month of ensiling peak periods were listed on a chronological 
basis for all nine droughts. No cycles of occurrence were apparent. The 
average interval between peak periods of drought was 39 months. 
Next, the frequencies of months with above and below-normal 
precipitation values were determined for the peak periods of the four 
severest 36-month droughts. Months with below-normal precipitation during 
severe 36-month droughts occurred most frequently in spring (80%) and 
summer (78%) and least frequently in fall (73%) and winter (68%). 
Thus, in the most severe droughts of short duration, such as the 
6-month droughts discussed above, months with near-normal to above-normal 
precipitation are rare at any location within the central drought area. 
Consequently, it appears that augmentation of water supplies through weather 
modification (precipitation augmentation) in such periods does not provide 
a means of substantial alleviation of water-supply shortages under 
exceptionally severe drought conditions. The possibility of temporary 
alleviation of water-supply shortages through weather modification in 
near-normal" to above-normal months increases to some extent with 12-month 
droughts, but any contribution is likely to be small also, according to 
the above statistics. 
The percentage of near-normal to above-normal months increases 
sufficiently in 24-month to 36-month severe droughts to offer the possibility 
of temporary relief through cloud seeding, especially during the fall and 
winter months. The possibility of temporary relief through seeding in months 
of near-normal to above-normal precipitation would be most promising if 
several consecutive months with these conditions occurred within severe 
drought periods. Therefore, a study was initiated to evaluate this possibility 
further and was extended to include both moderate and severe droughts. 
Results are presented in the next section. 
Monthly Rainfall During Moderate to Severe Droughts of 12-Month Duration 
This study of the frequency with which near-normal to above-normal 
rainfall periods occur during moderate to severe droughts was made to provide 
useful background information in evaluating weather modification potential 
for both water supply and agriculture. It is especially important in the 
•evaluation of the potential for water supply benefits in Illinois in view 
of the results of the Stall study discussed earlier. For this purpose, the 
10 highest ranked droughts of 12-month duration in the 1906-55 period, as 
defined by Huff and Changnon (196 3), were analyzed first. 
The first step in the study of 12-month droughts was to. tabulate all 
single months and consecutive 2-month and 3-month periods in which monthly 
rainfall was equal to or greater than 80% of normal at each rainfall station. 
For a 2-month or 3-month period, the rainfall had to be 80% or more of normal 
in each individual month to qualify for inclusion in the study (not merely 
average 80% or greater for the period). It was hypothesized that if rainfall 
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was 80% or greater for one or more months during a relatively severe 
drought that weather modification might then be useful in augmenting surface 
water deficiencies as well as providing agricultural relief. The potential 
would be most likely to provide significant benefits if the near-normal to 
above-normal condition existed for longer than one month, particularly for 
water supply augmentation. It would usually be necessary to overcome 
extremely dry ground conditions in such situations which would then result 
in insignificant runoff from the first several rains superimposed on an 
extended drought period. 
Table 1 summarizes one phase of the study. Here, the total areal 
extent of near-normal to above-normal rainfall has been shown for the 10 
droughts divided into three groups in which conditions were quite similar. 
The percent of the total drought area having rainfall equalling or exceeding 
80%, 100%, and 120% of normal is shown for 1, 2, and 3 consecutive months. 
In this table, all occurrences have been included for the three periods. 
That is, the total area encompassed did not necessarily occur in the same 
1, 2, or 3-month period. It is a summation of all areas experiencing 
near-normal to above-normal rainfall in the 12-month drought period. The 
percentages are averages for the drought group included in each case. 
It is apparent from Table 1 that only a small percentage of a drought 
area will experience a 3-month period with near-normal to above-normal 
rainfall. Except for the most severe droughts, ranks 1-3, a considerable 
portion of the area will have two months with about 2/3 of the area having 
80% of normal or more and approximately 1/2 of the area will experience 
100% or more of normal rainfall. Only a small portion tends to have two 
consecutive months of above-normal rainfall ( 120%) in the more severe 
droughts (ranks 1-6). 
However, in producing runoff for water supply augmentation, the 
near-normal to above-normal periods would be most effective if they occurred 
simultaneously over the drought region, rather than in a spotty pattern 
throughout the 12-month drought period. Table 2 shows the areal extent of 
the near-normal to above-normal rainfall conditions during specific 1-, 2-, 
and 3-month periods in which the percentage of the drought area having such 
conditions reached a maximum. Since no pronounced trend was noted for the 
relationship to vary with drought severity, all 10 droughts were combined 
to obtain the average values shown in Table 2. The range of areal percentages 
among the individual droughts is shown also to illustrate the natural 
variability in the area encompassed by near-normal to above-normal rainfall 
conditions. 
Table 2 shows that, on the average, there will be one month during a 
12-month drought in which the rainfall will exceed 80% of normal over a 
major portion of the drought area, but this reduces to about 1/3 of the area 
when above-normal monthly rainfalls are used as a basis of comparison. The 
average areal coverage of the drought area with near-normal to above-normal 
rains is relatively small. Thus, there would probably be little effect on 
the runoff in the general drought area, although a small basin within the 
large dry zone might receive significant benefits. 
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Table 1. Areal extent of near-normal to above-normal rainfall 
including all periods of 1, 2, and 3 consecutive 
months in 12-month Illinois droughts during 1906-55 
Percent of area equalling or exceeding 80% 
of normal rainfall for given period 
Percent of area equalling or exceeding 100% 
of normal rainfall for given period 
Percent of area equalling or exceeding 120% 
of normal rainfall for given period 
Table 3 has been included to illustrate the seasonal distribution of 
those 1-, 2-, and 3-month periods with near-normal to above-normal rainfall. 
All 10 droughts were combined and the starting month tabulated for each 
station having qualifying rainfall amounts. Results are summarized in the 
form of percent of all cases starting in the winter, spring, summer, and 
fall months. 
Table 3 shows that the near-normal to above-normal rain periods occur 
most frequently in spring and fall, the transition seasons. During the water 
replenishment period, October-March, 57% of the 1-month and 2-month values 
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occurred, and this is a favorable distribution from the standpoint of water 
supply augmentation. However, as indicated earlier, it appears doubtful 
that conditions would be favorable for such augmentation over the drought 
area, in general, although isolated subareas might be helped. 
Table 2. Maximum areal extent of near-normal to above-normal rainfall 
for specific periods of 1, 2, and 3 consecutive months 
in 12-month Illinois droughts during 1906-55 
Percent of drought area enveloped 
Table 3. Seasonal percentage frequency of rainfall 80% normal for 
1, 2, and 3 consecutive months in 10 worst Illinois 
droughts of 12-month duration during 1906-55 
Figure 1 provides further definition of the distribution of near-normal 
to above-normal rainfall in 12-month droughts of moderate to severe intensity. 
Here, the number of months with rainfall equalling or exceeding 100% of normal 
are shown for each station used in the Huff-Changnon drought study. Tabulations 
are shown for the first, third, and fifth ranked droughts. The heavy lines 
enclose the major drought area in each case and show the maximum percent of 
normal annual rainfall observed in the drought area. Thus, in the rank 1 drought 
the 12-month totals were 60% of normal or less throughout the. drought area. 
Figure 1 shows how infrequently normal rainfall is recorded in severe 
droughts. As expected, there are more occurrences as the drought severity 
lessens (rank 1 compared with rank 5). 
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Data for the 10 outstanding 12-month droughts in the 1906-55 period 
were used to derive the internal distribution of rainfall during the 2-month 
and 3-month periods with maximum rainfall for droughts occurring at selected 
recurrence intervals. Results are summarized in Table 4 which shows the 
maximum percent of normal rainfall equalled or exceeded for given percentages 
of the drought area. This has been done for typical droughts expected to 
occur, on the average, once every 5 years and once every 25 years. Thus, 
Table 4 provides a percentage area-depth relationship of maximum 2-month 
and 3-month rainfall in droughts of selected severity. 
Table 4 shows that in the typical drought which occurs at least once 
in 5 years, on the average, 10% of the affected area will experience a 
2-month period within the 12 months when rainfall will equal or exceed 119% 
of normal. This decreases gradually as the percentage of the drought area 
encompassed increases, and lowers to 103% of normal when 90% of the drought 
area is included. A 25-year drought can be expected to have 10% of the 
affected area with approximately 112% or more of normal rainfall with a 
gradual decrease to approximately 69% of normal over 90% of the drought 
area. A similar interpretation can be applied to the 3-month values for 
typical 5-year and 25-year droughts. 
Table 4 does provide some support for weather modification in moderate 
to severe drought periods, since 2-, to 3-month periods of near-normal to 
above-normal rainfall are indicated over 90% of the affected area in the 
once in 5-year droughts (moderate severity). Consecutive 2-month periods 
with 90% of normal rainfall can be expected over approximately 50% of the 
affected area in 25-year droughts. Similarly, 20-30% of the affected area 
can be expected to experience 3 consecutive months of rainfall that is 90% 
of normal in a 25-year drought, and 50% of the area will likely have 80% 
or more of normal rainfall during the maximum 3-month rainfall period in a 
25-year drought of 12-month duration. 
Monthly Rainfall During Moderate to Severe Droughts of 24-Month Duration 
The 9 highest ranked droughts of 24-months duration in the 1906-55 
period (Huff and Changnon, 196 3) were analyzed next to determine the 
distribution of normal to above-normal monthly precipitation within extensive 
droughts. The same analytical procedures were used as described previously 
for the 12-month droughts. Total precipitation in moderate to severe 
droughts of 24-month duration averages higher than in 12-month droughts of 
similar recurrence interval. Therefore, the base for determining the 
frequency of potentially favorable conditions for precipitation augmentation 
was increased from 80% of normal in the 12-month analyses to 100% of normal 
in the 24-month study. 
Table 5 shows the total areal extent of normal to above-normal 
rainfall for the 9 droughts divided into two groups in which conditions 
were quite similar. The average values for the rank 1 to 4 droughts are 
considered representative of severe droughts. The averages for the second 
group of 5 droughts provide a measure of typical conditions in moderate 
droughts in Illinois. Similar to Table 1, the total area encompassed in 
Figure 1. Number of months with precipitation 100% of normal in 
rank 1, 3, and 5 droughts of 12-month duration. 
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each drought did not necessarily occur in the same 1-, 2-, or 3-month 
period. Rather, in each drought it was obtained from a summation of all 
areas experiencing normal to above-normal rainfall in the 24 months. 
Table 4. Maximum percent of normal rainfall for 2 and 3 
consecutive months in typical 5-yr and 25-yr 
droughts of 12-month duration 
Table 5 indicates that in both moderate and severe droughts the 
affected region will have all of its area spanned by at least one month 
of normal rainfall ( 100%) during the 24 months. About two-thirds of the 
severe drought area, on the average, will have 2 consecutive months of 
normal or greater rainfall, whereas moderate droughts (ranks 5-9) will have 
over 90% of the affected area experiencing 2 consecutive months of normal 
rainfall. A large decrease in area encompassed is found when 3 consecutive 
months are examined, the percentage of area becoming only 20% in severe 
24-month droughts, and 38% in moderate droughts, on the average. 
Examination of the computations for 1 to 3 months with rainfall 
equalling or exceeding 125% and 150% of normal shows both moderate and 
severe droughts with a large portion of their areas having 2-month rainfall 
of 125% or more of normal. Moderate droughts even have close to 50% of 
their area, on the average, with a 2-month rainfall of 150% or more of 
normal. Thus, there appears to be some potential for partial drought 
alleviation in 24-month droughts. 
Table 6 is similar to Table 2 described previously and was obtained 
in the same manner. The areal extent values are for specific periods in 
which the percentage of the drought area having 100%, 125%, and 150% of 
normal rainfall for 1, 2, and 3 consecutive months reached a maximum for 
the 24-month period. All 9 droughts were combined to obtain the average 
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values of Table 6, since no pronounced trend was noted for the relationship 
to vary with increasing drought severity (same as with the 12-month droughts). 
The range of percentages among the individual droughts in Table 6 provides a 
measure of the natural variability in the area encompassed by normal to 
above-normal rainfall in moderate to severe droughts of 24-month duration. 
Table 6 shows that, on the average, a 24—month drought will not have 
a major percentage of its area experiencing a specific 2-month or 3-month 
period with normal to above-normal rainfall. However, the range values 
indicate that in some individual droughts that a major portion of the drought 
area will have a 2-month period with normal to above-normal precipitation. 
Furthermore, in some cases 1/4 to 1/3 of the drought area was found to have 
3 consecutive months with normal to above-normal rainfall. Thus, the 
specific period analyses also indicate the possibility of some benefit from 
a weather modification program in moderate to severe droughts of 24-months 
duration. 
Table 5. Areal extent of normal to above-normal rainfall including 
all periods of 1, 2, and 3 consecutive months in 24-month 
droughts during 1906-55 
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Table 7 is analogous to Table 4 discussed in conjunction with 
12-month droughts. It offers further indication that moderate to severe 
droughts have short periods of 2 to 3 months within their overall duration 
when near-normal to above-normal rainfall occurs. This, in turn, indicates 
the presence of atmospheric conditions that might be amenable to increased 
precipitation production through cloud seeding. 
Table 6. Maximum area extent of normal to above-normal rainfall 
for specific periods of 1, 2, and 3 consecutive months 
in 24-month droughts during 1906-55 
Percent of drought area enveloped 
Table 7. Maximum percent of normal rainfall for 2 and 3 
consecutive months in typical 5-yr and 25-yr 
droughts of 24-month duration 
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Normality of Monthly Precipitation in the 12-Month Drought of 1953-54 
The month-to-month normality of precipitation in the very severe 
12-month drought beginning in August 1953 was determined. This provides 
another useful guide in evaluating the potential of drought alleviation 
through precipitation modification in relatively severe droughts. Table 8 
summarizes the results. In this table, the average normality of precipitation 
is shown for each month within the area experiencing 50% or less of normal 
precipitation in the 12-month drought and within the area having 60% or less 
of normal annual precipitation. Also shown is the percent of normal over 
the remainder of the state for the 12-month period. 
In only one month, April 1954, did the drought area experience average 
rainfall exceeding 80% of normal. Assuming that precipitation modification 
is likely to be most productive under conditions favorable for natural 
rainfall, Table 8 indicates that the spring of 1954 would have been the 
optimum period in which to attempt supplementation of the natural rainfall 
through seeding operations. This is especially true from the standpoint 
of water-supply augmentation, since April was preceded by 3 months in which 
the average precipitation was approximately 60% of normal in the drought 
region, and was followed by May and June with a 2-month average of nearly 
60% of normal in the center of the drought area (50% or less of normal) and 
nearly 70% of normal when the total area (60% or less of normal) is 
considered. 
Since normal precipitation was suppressed to the greatest extent from 
August to December 1953, successful precipitation augmentation in spring 
1954 would have been very helpful. Although the above analyses were confined 
to a single severe drought because of personnel and fund limitations, the 
results do provide additional insight and guidance with respect to the 
characteristics of precipitation distribution in 12-month dry periods. 
Isohyetal maps of monthly precipitation for each month during the 
August 1953 - July 1954 period were drawn to investigate further the variations 
in distribution within the drought region in specific months. Similar maps 
were drawn to show how the percent of normal rainfall varied within the 
drought region in each month. 
From examination of these maps, it became apparent that relatively 
large areal differences may exist within a severe drought region in months 
of below-normal precipitation. This is illustrated in Fig. 2 which show 
percent of normal within the major drought region for the months of August, 
October, January, and May. The dotted lines enclose the area having 60% 
or less of normal annual precipitation. These four months reflect conditions 
in the four seasons during the 12-month drought studied. From Table 8, 
average monthly values of normality were 22%, 63%, 71%, and 70%, 
respectively, for August, October, January, and May (in the area < 60% 
of normal). 
The August map shows station amounts ranging from less than 20% 
to over 60% of normal, but most of the values must be classified 'very dry'. 
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The major portion of the area received less than 40% of normal. In 
months of such extreme dryness, meaningful rainfall amounts increase from 
cloud seeding could not be achieved even with 100% increases in the 
existing rain regime. The 60% values on the August map resulted primarily 
from isolated storms on a single day. 
Table 8. Normality of average monthly precipitation during Illinois 
drought of August 195 3 - July 1954 
Average percent of normal for all stations in a given 
area of drought 
The October map suggests greater potential for useful increases 
in monthly rainfall from seeding operations. Individual station totals 
ranged from less than 40% to over 80% of normal. Most of the rain was associated 
with two large-scale systems that passed through Illinois on October 4-5 and 
October 26-28. These were slow-moving cold frontal systems with wave 
formations. It is conceivable that seeding could have induced additional 
precipitation from these systems which produced amounts in excess of one 
inch in some parts of the drought-stricken region. 
The map for January 1954 shows normality ranging from less than 40% 
to over 120% in the drought region. A majority of the precipitation 
resulted from cold frontal activity on January 20 and 26-27. In both storms, 
portions of the drought region received amounts varying from 0.75 to nearly 
1.50 inches. Again, natural atmospheric conditions were apparently favorable 
for precipitation, and seeding might have been capable of augmenting the 
naturally-occurring amounts substantially under these conditions. 
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Figure 2. Percent of normal monthly precipitation during selected 
months in drought of August 1953-July 1954. 
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The May map in Fig. 2 shows a range of monthly values from less than 
40% to over 140% of normal. Thus, a wide range of precipitation occurred 
within the drought region, similar to the other 3 months in Fig. 2. A 
considerable portion of the May rainfall resulted from a major 3-day storm 
(May 1-3), associated with a cold front system with waves, in which station 
amounts ranged from 0.30 inch to 3.52 inches. A second major storm occurred 
from May 27 to 29, associated with warm and cold front passages. In this 
storm, amounts ranged from less than 0.10 inch to 2.09 inches at individual 
stations in the drought region. Thus, the May rainfall distribution again 
indicates a possibility that seeding on occasional days when natural rainfall 
is favored might be quite useful during extensive drought periods. There 
were two other days in May 1954 in which storm amounts up to 0.50 inch were 
recorded in the drought area, and seeding on these days may have been helpful 
also in augmenting the natural output from the existing precipitation systems. 
The examination of precipitation distribution within the major 
drought region during individual months indicates that atmospheric conditions 
may be sufficiently favorable on occasions during extensive drought periods 
for significant augmentation of the natural precipitation to be achieved by 
a seeding program. . 
Precipitation Distribution on Days with Light, Moderate, and Heavy Amounts 
During 1953-54 Drought 
An investigation was made of the distribution of days with precipitation 
equalling or exceeding 0.01, 0.50, and 1.00 inch during the 1953-54 drought. 
For comparison purposes, calculations were made for both the drought region 
(60% or less of normal annual precipitation) and the area of the state 
outside of this drought region. Analyses were made on a monthly basis. 
A major purpose of the analyses was to determine whether certain 
months in the drought period had several days with amounts of 0.50 inch or 
more that encompassed a substantial portion of the drought region. If so, 
this would provide further evidence that certain months within a major 
drought experience relatively frequent occurrences of days with natural 
atmospheric conditions favorable for precipitation development. 
Results are briefly summarized in Table 9. This table shows the 
percentage of the region having daily precipitation equalling or exceeding 
the selected amounts for various numbers of days. Thus, in the drought 
region during August 1953, 79% of the encompassed area had 4 days with 
rainfall of 0.01 inch or more, but only 6% of the area had 8 days of measurable 
rainfall. Similarly, in August 1953, 27% of the drought region had one day 
with rainfall of 0.50 inch or more, but only 3% of the region experienced a 
daily rainfall of 1 inch or more. 
The drought region, in general, had fewer occurrences and lesser 
areal extent of a given rainfall intensity for all three intensity categories 
of daily precipitation. Percentagewise, the differences tended to become 
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Table 9. Distribution of areal extent of daily precipitation 0.01, 
0.50 and 1.00 inch between drought region and surrounding 
area, August 1953-July 1954 
Within drought region 
Percent of region with given number of precipitation days 
Outside of drought region 
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greater with increasing daily rainfall amounts. That is, the drought 
region had a greater deficiency of moderate to heavy precipitation days than 
light precipitation days in comparison with the surrounding region. Huff 
and Changnon (1963) have shown that the severity of the 1953-54 drought 
resulted primarily from a major deficiency in days with rainfall of 0.50 
inch or more. 
Table 9 indicates that only 2 months, April and June, had a substantial 
portion of the drought region covered by 0.50-inch rainfalls on as many as 
3 days. However, there were 6 months with 2 days of rainfall encompassing 
over 1/3 of the drought region. There were also 7 months with 1 day having 
an inch or more of rainfall over more than 30% of the drought region. Thus, 
again we are led to the conclusion that there are a few days, at least, 
when natural rainfall is favored in severe drought periods, and the possibility 
of helpful increases from cloud seeding can not be eliminated in these 
situations. 
Storm Precipitation Characteristics in 1953-1954 Drought 
Attention was turned next to an investigation of the distribution of 
storm precipitation in the 1953-54 drought to evaluate further the potential 
for useful precipitation augmentation in severe drought periods. For this 
purpose, the 48 storms which produced the heaviest precipitation in Illinois 
during the 12-month period, August 1953 - July 1954, were selected. Data 
for these storms were plotted and isohyetal maps constructed. All of these 
storms produced measurable precipitation at one or more stations within the 
drought region. In the 12 months, there were 85 storms which produced 
measurable rainfall within the drought region, defined as the area experiencing 
60% or less of normal annual precipitation. Thus, the 48 selected storms 
accounted for 56% of the precipitation occurrences. 
The 48 selected storms accounted for most of the precipitation in the 
drought region. For the 12 months, these storms produced 83% of the total 
precipitation. For the 3 summer months (June, July, August), they contributed 
74% of the total rainfall in the drought region. Similarly, 96% of the fall 
(September-November) rainfall and 90% of the spring (March-May) total were 
accounted for by these storms. In winter, the major storms were responsible 
for 64% of the precipitation, the least among the 4 seasons. 
It was concluded that the 'major storms discussed above would be most 
productive from a seeding standpoint, since they accounted for most of the 
12-month precipitation, were probably forecastable, and moderate seeding-induced 
increases might be sufficient to be useful.. Conversely, the 37 storms that 
produced only .17% of the annual precipitation were such weak producers of 
natural precipitation that seeding would have to multiply the natural output 
several times in most cases to produce any useful increases in surface 
precipitation. 
Therefore, it was decided to study further the characteristics of 
the 48 major precipitation producers. This study showed that the major 
precipitation producers were usually associated with large-scale storm 
systems moving through the Midwest. These storms produced precipitation 
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in some cases over a period of 2 to 3 days. This situation occurred most 
frequently with cold frontal systems on which waves or a major secondary 
low formed. Non-frontal isolated air mass storms produced little of the 
drought period precipitation. Only one of the 48 major storms was an air 
mass type. Table 10 shows the number and percent of total cases by synoptic 
type among the 48 major storms that produced over 80% of the annual total. 
It is apparent from Table 10 that cold frontal storms were the major 
contributor to the drought region precipitation.' Thus, the 3 cold front 
types accounted for 28 of the 48 storms or 58% of the total number. Low 
center passages and combinations of warm and cold front passages accounted 
for another 28% of the 48 major storms. Cold fronts produced approximately 
60% of the total precipitation resulting from these 48 storms. The 48-storm 
total of 18.08 inches in Table 10 is 83% of the annual total (21.74 inches) 
recorded within the drought area having 60% or less of the normal annual 
precipitation of 39.47 inches. Average precipitation was 55% of normal for 
the August 195 3 - July 1954 period within this drought area in south central 
and southern Illinois. 
Table 10. Precipitation distribution in major storms of 
1953-54 drought grouped by synoptic type 
Huff and Schickedanz (1970) in a study of storm precipitation on a 
dense raingage network in central Illinois found that cold fronts account 
for approximately 32% of the storms and 34% of the total precipitation 
annually, on the average. The tabulations in Table 10 show that cold fronts 
exerted a much stronger control over the precipitation in the severe drought 
of 195 3-54 than under average or normal weather. Static fronts and air 
mass storms were much below normal in the frequency of occurrence and 
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percentage of total precipitation among the 48 major storms in 1953-54. 
The Huff-Schickedanz study indicated about 17% of the annual precipitation 
from static front storms, 11% from warm fronts, and 10% from air mass 
storms. Among the 1953-54 major storms, the contributions from static 
front, warm front, and air mass storms were 6%, 4%, and 1%, respectively. 
The synoptic type classifications of Table 10 were converted to the 
more general classifications used by Huff and Schickedanz (1970). In 
doing this, the three cold front types were combined and the combined 
"cold plus warm front" group was assigned to the low center passages, where 
they would have been grouped in the general classification. Then, the 
amount of precipitation that would be expected for each synoptic type under 
normal conditions in the sample of Table 10 (83% of annual total) was 
calculated and compared with the total precipitation actually recorded 
in the 48-storm sample for each synoptic type. This provided an estimate 
of the normality of precipitation amounts associated with each synoptic 
type in the 1953.-54 drought. 
Results are summarized in Table 11. Thus, the total precipitation 
from cold fronts was near normal; that is, the 11.14 inches was 97% of 
that expected to occur with these fronts in an average year. However, the 
amount of rainfall from all other types was much below what would occur 
under average conditions, especially the amounts associated with warm 
front, static front, and air mass storms. If the 1953-54 drought is 
reasonably representative of the relationship between synoptic weather and 
precipitation in severe droughts of the Midwest, then cold fronts would be 
the system most likely to yield substantial gains through precipitation 
modification. 
Table 11. Comparison of normal precipitation and precipitation 
observed in 48 major storms of 1953-54 drought, 
with storms grouped by general synoptic types 
* Adjusted to 83% of annual total (Table 10 sample) 
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As indicated earlier, the 48 storms producing 83% of the drought 
region precipitation in 1953-54 were frequently of relatively long duration. 
In the past, cloud seeding has been restricted usually to daylight hours 
because of operational problems involved, especially with aircraft operations. 
However, it was considered quite likely that much of the favorable 
precipitation occurred during the night in the 1953-54 storms. For planning 
and evaluation of seeding potential, it is desirable to ascertain when the 
drought rainfall is most likely to occur. 
Five recording raingage stations in the drought region were used to 
determine the diurnal distribution of precipitation. In this study, the 
percent of the total rainfall in the period from August 1953 through July 
1954 was determined by 3-hour periods at each of 5 stations and averaged 
to obtain a regional estimate. Results are summarized in Table 12 by 
seasons. 
In the summer months, the greatest amount of rainfall occurred, on 
the average, in the period from 0 300-0600 CST when 21% of the total was 
recorded. The maximum 6-hour period was 0300-0900 when 36% of the 3-month 
rainfall occurred. A secondary peak occurred in the 1200-1800 period when 
29% of the total fell. Approximately 48% of the total fell in the evening 
and night hours, 1800-0600 CST. Thus, restriction of operations to daylight 
could greatly restrict potential seeding opportunities in a severe drought. 
Table 12. Average diurnal distribution of precipitation 
during 1953-54 drought 
Percent of total precipitation during 3 hours ending 
at given time (CST) 
Examination of the diurnal distribution in the other 3 seasons in 
Table 12 shows an even greater tendency for nocturnal precipitation. Thus, 
57% of the fall and winter precipitation occurred from 1800-0600 CST, 
whereas 71% of the spring rainfall was recorded in this period. The afternoon 
hours, 1200-1800, contributed only 20% of the fall rainfall and 15% of the 
spring total. The diurnal distribution of precipitation during the 1953-54 
drought period agrees essentially with the average seasonal distributions 
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obtained by Huff (1971) for Illinois. Characteristically, the diurnal 
distribution in the drought region (South Central Illinois) has an early 
morning maximum between 0000 and 0600 CST in all seasons with a diurnal 
minimum in the 0900-1300 period. In summer a distinct secondary maximum' 
is found in late afternoon. 
As mentioned earlier, isohyetal maps were constructed for each of 
the 48 major storm periods in the 1953-54 drought, based upon climatic 
data published by the National Weather Service. Examination of these maps 
shows that it was not unusual for certain portions of the drought region 
to receive moderate to heavy rainfall in these storms, whereas other parts 
received little or none. This suggests a possibility that seeding on such 
storm days might extend the area of the heavier rainfall and provide additional 
alleviation of the drought condition. Further study of the RAOB and PIBAL 
data on these occasions would be helpful in assessing the above potential 
seeding benefit. This type of analysis is being planned as part of the 
seedability studies of the PEP program. 
Six storm periods having the potential for seeding benefits described 
above are presented in Fig. 3 to illustrate the type of spatial variability 
frequently experienced in the drought region storms. The areas of relatively 
heavy rainfall during each period have been cross-hatched. Thus, in the 
storm of August 12, 1953, amounts exceeding 0.25 inch extended over much of 
the western and northern portions of the drought region, but no rainfall was 
recorded in the extreme eastern portion of the region. 
SUMMARY AND CONCLUSIONS 
Since the best available information indicated that major benefits to 
water supplies in Illinois would result only if precipitation modification 
could provide alleviation of shortages in relatively severe drought 
conditions, a study was undertaken to gain knowledge pertaining to the 
potentialities of weather modification under such conditions. Initial analyses 
of outstanding droughts in the 1906-55 period provided evidence that temporary 
breaks in occurred droughts having durations of 12 months or longer. During 
these breaks seeding might be applied with some probability of success, 
especially with the more moderate droughts that occur on the average of 
once in 5 to 10 years. 
Next, analyses were made of the frequency with which near-normal to 
above-normal rainfall periods occur during moderate to severe droughts of 
12-month duration and the percentage of the drought area experiencing this 
temporary drought relief. Analyses were concentrated on consecutive 2- to 
3-month breaks , since any significant help to surface water supplies would 
require a break of considerable duration before much runoff could be expected. 
Results provided some support for weather modification in these periods, 
since it was found that consecutive 2- to 3-month periods of near- to 
above-normal rainfall occurred over 90%-100% of the affected area in 5-year 
Figure 3. Typical patterns of storm precipitation in 1953-1954 drought. 
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recurrences (moderate drought). Furthermore, analyses indicated that 
2-month consecutive periods with 90% of normal rainfall can be expected 
over approximately 50% of the affected area in 25-year droughts. About 
20%-30% of the affected area in 25-year droughts can be expected to 
experience 3 consecutive months with rainfall that is 90% of normal. 
The above analyses were extended next to the 9 highest ranked droughts 
of 24-month duration in the 1906-55 period. Results supported the 12-month 
analyses and indicated that short periods of 2 to 3 months with normal to 
above-normal precipitation occur within 24-month droughts. These temporary 
breaks indicate the presence of atmospheric conditions that might be 
treated to induce increases in the ongoing natural precipitation production. 
Attention was turned next to a more detailed analysis of the 12-month 
drought beginning in August 1953. This was one of the most severe on 
record in Illinois. The month-to-month normality of precipitation and the 
precipitation distribution within the drought area during each month was 
determined. This analysis provides another useful guide in evaluation of the 
potential for drought alleviation by weather modification in relatively 
severe droughts. The monthly isohyetal patterns were very interesting and 
revealed that large areal differences may exist within a severe drought 
region in months of generally below-normal precipitation. In several months, 
regions of above-normal precipitation occurred within the drought area which 
averaged much below normal. Thus, conditions were found in which weather 
systems were occasionally quite effective in producing precipitation over 
portions of the drought area, and it is conceivable that cloud seeding could 
have induced additional precipitation in these situations, and, possibly, 
extended the area affected by the ongoing storm system. 
Next, an investigation was made of the distribution of days with 
precipitation equalling or exceeding 0.01, 0.50, and 1.00 inch in the 1953-54 
drought. The major purpose was to determine whether certain months had 
several days with amounts of 0.50 inch or more encompassing a substantial 
portion of the drought region. If so, this would provide further evidence 
that certain months within a major drought experience relatively frequent 
occurrences of days with natural atmospheric conditions favorable for 
precipitation development. Results indicated that a substantial portion of 
the drought zone was covered by 0.50-inch rainfall on 3 days or more in only 
2 months. However, there were 6 months with 2 days having rainfall of 0.50 
inch or more over 1/3 of the drought region. This analysis again led to the 
conclusion that there are a few days, at least, when natural rainfall is 
favored in severe drought periods, and the possibility of helpful increases 
from cloud seeding can not be eliminated in these situations. 
An investigation of the distribution of storm precipitation was 
carried out next to evaluate further the potential for useful precipitation 
modification in severe drought periods. For this purpose, the 48 storms 
which produced the heaviest rainfall in Illinois during the 12-month drought 
were studied. These storms produced 83% of the total annual precipitation 
in the drought region. It was assumed that these major storms would be most 
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productive from a seeding standpoint, since they accounted for most of 
the precipitation, and moderate seeding-induced increases in the precipitation 
output from these storms might be of sufficient magnitude to be useful in 
lessening agriculture and water supply problems. Results showed that the 
major precipitation producers were usually associated with large-scale storm 
systems moving through the Midwest, and, in some cases produced precipitation 
over a period of 2-3 days. Cold frontal storms, the major contributor to 
the drought region precipitation, accounted for 60% of the total precipitation. 
Non-frontal, air mass storms were the smallest contributor. Comparison with 
earlier studies of the average relationship between precipitation and 
synoptic storm types in Illinois showed that cold fronts asserted a stronger 
control over the precipitation in the 1953-54 drought than occurs under 
average or normal conditions. Assuming the 1953-54 drought is reasonably 
representative of severe drought conditions, it appears that cold fronts 
would be the system most likely to yield substantial gains through precipitation 
modification. 
A study of the diurnal distribution of rainfall in the 1953-54 drought 
was made to provide information useful for planning cloud seeding operations. 
During the summer months, 48% of the rain occurred during the evening and 
night hours, 1800-0600 CST. In fall and winter, 57% of the precipitation 
was recorded in the 1800-0600 period. During spring, 71% of the total fell 
during the evening and night hours. The primary conclusion from this analysis 
is that restriction of seeding operations to daylight hours could greatly 
limit the potential seeding opportunities in a severe drought period. 
Isohyetal maps drawn for the 48 storm periods in 1953-54 showed that it 
is not unusual for certain portions of a drought region to receive moderate 
to heavy rainfall in these storms, whereas other parts receive little or none. 
This suggests a possibility that seeding on such storm days might extend the 
area of heavier rainfall and provide additional alleviation of drought 
conditions. Further study of the R0AB and PIBAL data on these occasions 
would be helpful in assessing the potential seeding benefit. This type of 
study was planned as part of the seedability studies of the PEP program, but 
termination of this project in the near future may prevent this desirable 
undertaking. 
RECOMMENDATIONS 
Additional studies of precipitation conditions during severe droughts, 
such as accomplished for the 1953-54 drought in this report, are needed to 
evaluate more realistically the potential for alleviating surface water 
deficiencies through cloud seeding. These studies should be extended to 
include RAOB and PIBAL analyses when such data are available, in order to 
assess more thoroughly the precipitation augmentation potential in extended 
drought periods. 
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